




























Genetics of Type 1 Diabetes

12–15

SR, van den Berg LH, Vatn M, Verspaget 
H, Walters T, Wijmenga C, Wilson DC, 
Westra HJ, Xavier RJ, Zhao ZZ, Ponsioen 
CY, Andersen V, Torkvist L, Gazouli M, 
Anagnou NP, Karlsen TH, Kupcinskas L, 
Sventoraityte J, Mansfield JC, Kugathasan 
S, Silverberg MS, Halfvarson J, Rotter 
JI, Mathew CG, Griffiths AM, Gearry 
R, Ahmad T, Brant SR, Chamaillard M, 
Satsangi J, Cho JH, Schreiber S, Daly 
MJ, Barrett JC, Parkes M, Annese V, 
Hakonarson H, Radford-Smith G, Duerr 
RH, Vermeire S, Weersma RK, Rioux JD: 
Meta-analysis identifies 29 additional 
ulcerative colitis risk loci, increasing the 
number of confirmed associations to 47. 
Nat Genet 43:246–252, 2011

33.	 McGovern DP, Gardet A, Torkvist L, 
Goyette P, Essers J, Taylor KD, Neale BM, 
Ong RT, Lagace C, Li C, Green T, Stevens 
CR, Beauchamp C, Fleshner PR, Carlson 
M, D’Amato M, Halfvarson J, Hibberd 
ML, Lordal M, Padyukov L, Andriulli 
A, Colombo E, Latiano A, Palmieri O, 
Bernard EJ, Deslandres C, Hommes 
DW, de Jong DJ, Stokkers PC, Weersma 
RK; NIDDK IBD Genetics Consortium, 
Sharma Y, Silverberg MS, Cho JH, Wu J, 
Roeder K, Brant SR, Schumm LP, Duerr 
RH, Dubinsky MC, Glazer NL, Haritunians 
T, Ippoliti A, Melmed GY, Siscovick DS, 
Vasiliauskas EA, Targan SR, Annese 
V, Wijmenga C, Pettersson S, Rotter JI, 
Xavier RJ, Daly MJ, Rioux JD, Seielstad 
M: Genome-wide association identifies 
multiple ulcerative colitis susceptibility 
loci. Nat Genet 42:332–337, 2010

34.	 Franke A, McGovern DP, Barrett JC, 
Wang K, Radford-Smith GL, Ahmad T, 
Lees CW, Balschun T, Lee J, Roberts 
R, Anderson CA, Bis JC, Bumpstead 
S, Ellinghaus D, Festen EM, Georges 
M, Green T, Haritunians T, Jostins L, 
Latiano A, Mathew CG, Montgomery 
GW, Prescott NJ, Raychaudhuri S, Rotter 
JI, Schumm P, Sharma Y, Simms LA, 
Taylor KD, Whiteman D, Wijmenga C, 
Baldassano RN, Barclay M, Bayless TM, 
Brand S, Buning C, Cohen A, Colombel 
JF, Cottone M, Stronati L, Denson T, De 
Vos M, D’Inca R, Dubinsky M, Edwards C, 
Florin T, Franchimont D, Gearry R, Glas 
J, Van Gossum A, Guthery SL, Halfvarson 
J, Verspaget HW, Hugot JP, Karban 
A, Laukens D, Lawrance I, Lemann M, 
Levine A, Libioulle C, Louis E, Mowat C, 
Newman W, Panes J, Phillips A, Proctor 
DD, Regueiro M, Russell R, Rutgeerts P, 
Sanderson J, Sans M, Seibold F, Steinhart 
AH, Stokkers PC, Torkvist L, Kullak-Ublick 
G, Wilson D, Walters T, Targan SR, Brant 
SR, Rioux JD, D’Amato M, Weersma RK, 
Kugathasan S, Griffiths AM, Mansfield 

JC, Vermeire S, Duerr RH, Silverberg MS, 
Satsangi J, Schreiber S, Cho JH, Annese 
V, Hakonarson H, Daly MJ, Parkes M: 
Genome-wide meta-analysis increases 
to 71 the number of confirmed Crohn’s 
disease susceptibility loci. Nat Genet 
42:1118–1125, 2010

35.	 International Multiple Sclerosis Genetics 
Consortium; Wellcome Trust Case Control 
Consortium 2, Sawcer S, Hellenthal G, 
Pirinen M, Spencer CC, Patsopoulos NA, 
Moutsianas L, Dilthey A, Su Z, Freeman 
C, Hunt SE, Edkins S, Gray E, Booth 
DR, Potter SC, Goris A, Band G, Oturai 
AB, Strange A, Saarela J, Bellenguez 
C, Fontaine B, Gillman M, Hemmer B, 
Gwilliam R, Zipp F, Jayakumar A, Martin 
R, Leslie S, Hawkins S, Giannoulatou 
E, D’alfonso S, Blackburn H, Martinelli 
Boneschi F, Liddle J, Harbo HF, Perez 
ML, Spurkland A, Waller MJ, Mycko MP, 
Ricketts M, Comabella M, Hammond 
N, Kockum I, McCann OT, Ban M, 
Whittaker P, Kemppinen A, Weston P, 
Hawkins C, Widaa S, Zajicek J, Dronov S, 
Robertson N, Bumpstead SJ, Barcellos 
LF, Ravindrarajah R, Abraham R, 
Alfredsson L, Ardlie K, Aubin C, Baker 
A, Baker K, Baranzini SE, Bergamaschi 
L, Bergamaschi R, Bernstein A, Berthele 
A, Boggild M, Bradfield JP, Brassat D, 
Broadley SA, Buck D, Butzkueven H, 
Capra R, Carroll WM, Cavalla P, Celius EG, 
Cepok S, Chiavacci R, Clerget-Darpoux F, 
Clysters K, Comi G, Cossburn M, Cournu-
Rebeix I, Cox MB, Cozen W, Cree BA, 
Cross AH, Cusi D, Daly MJ, Davis E, de 
Bakker PI, Debouverie M, D’hooghe MB, 
Dixon K, Dobosi R, Dubois B, Ellinghaus 
D, Elovaara I, Esposito F, Fontenille C, 
Foote S, Franke A, Galimberti D, Ghezzi 
A, Glessner J, Gomez R, Gout O, Graham 
C, Grant SF, Guerini FR, Hakonarson H, 
Hall P, Hamsten A, Hartung HP, Heard 
RN, Heath S, Hobart J, Hoshi M, Infante-
Duarte C, Ingram G, Ingram W, Islam 
T, Jagodic M, Kabesch M, Kermode AG, 
Kilpatrick TJ, Kim C, Klopp N, Koivisto K, 
Larsson M, Lathrop M, Lechner-Scott JS, 
Leone MA, Leppa V, Liljedahl U, Bomfim 
IL, Lincoln RR, Link J, Liu J, Lorentzen AR, 
Lupoli S, Macciardi F, Mack T, Marriott 
M, Martinelli V, Mason D, McCauley JL, 
Mentch F, Mero IL, Mihalova T, Montalban 
X, Mottershead J, Myhr KM, Naldi P, Ollier 
W, Page A, Palotie A, Pelletier J, Piccio L, 
Pickersgill T, Piehl F, Pobywajlo S, Quach 
HL, Ramsay PP, Reunanen M, Reynolds 
R, Rioux JD, Rodegher M, Roesner S, 
Rubio JP, Ruckert IM, Salvetti M, Salvi E, 
Santaniello A, Schaefer CA, Schreiber S, 
Schulze C, Scott RJ, Sellebjerg F, Selmaj 
KW, Sexton D, Shen L, Simms-Acuna 

B, Skidmore S, Sleiman PM, Smestad 
C, Sorensen PS, Sondergaard HB, 
Stankovich J, Strange RC, Sulonen AM, 
Sundqvist E, Syvanen AC, Taddeo F, 
Taylor B, Blackwell JM, Tienari P, Bramon 
E, Tourbah A, Brown MA, Tronczynska 
E, Casas JP, Tubridy N, Corvin A, Vickery 
J, Jankowski J, Villoslada P, Markus HS, 
Wang K, Mathew CG, Wason J, Palmer 
CN, Wichmann HE, Plomin R, Willoughby 
E, Rautanen A, Winkelmann J, Wittig M, 
Trembath RC, Yaouanq J, Viswanathan AC, 
Zhang H, Wood NW, Zuvich R, Deloukas 
P, Langford C, Duncanson A, Oksenberg 
JR, Pericak-Vance MA, Haines JL, Olsson 
T, Hillert J, Ivinson AJ, De Jager PL, 
Peltonen L, Stewart GJ, Hafler DA, Hauser 
SL, McVean G, Donnelly P, Compston 
A: Genetic risk and a primary role for 
cell-mediated immune mechanisms in 
multiple sclerosis. Nature 476:214–219, 
2011

36.	 Zhang Z, Duvefelt K, Svensson F, 
Masterman T, Jonasdottir G, Salter H, 
Emahazion T, Hellgren D, Falk G, Olsson 
T, Hillert J, Anvret M: Two genes encoding 
immune-regulatory molecules (LAG3 and 
IL7R) confer susceptibility to multiple 
sclerosis. Genes Immun 6:145–152, 2005

37.	 Clayton DG: Prediction and interaction in 
complex disease genetics: experience in 
type 1 diabetes. PLoS Genet 5:e1000540, 
2009

38.	 Smemo S, Tena JJ, Kim KH, Gamazon 
ER, Sakabe NJ, Gomez-Marin C, Aneas I, 
Gredidio FL, Sobreira DR, Wasserman NF, 
Lee JH, Puviindran V, Tam D, Shen M, Son 
JF, Vakilt NA, Sung HK, Naranjo S, Acemel 
RD, Manzanares M, Nagy A, Cox NJ, Hui 
CC, Gomez-Skarmeta JL, Nobrega MA: 
Obesity-associated variants within FTO 
form long-range functional connections 
with IRX3. Nature 507:371–375, 2014

39.	 Claussnitzer M, Dankel SN, Kim KH, 
Quon G, Meuleman W, Haugen C, Glunk 
V, Sousa IS, Beaudry J, Puviindran 
V, Abdennur NA, Liu J, Svensson PA, 
Hsu YH, Drucker DJ, Mellgren G, Hui 
CC, Hauner H, Kellis M: FTO obesity 
variant circuitry and adipocite browning 
in humans. N Engl J Med 373:895–907, 
2015

40.	 Elding Larsson H, Vehik K, Gesualdo 
P, Akolkar B, Hagopian W, Krischer J, 
Lernmark A, Rewers M, Simell O, She JX, 
Ziegler A, Haller MJ; TEDDY Study Group: 
Children followed in the TEDDY study 
are diagnosed with type 1 diabetes at an 
early stage of disease. Pediatr Diabetes 
15:118–126, 2014

41.	 Plagnol V, Howson JM, Smyth DJ, 
Walker N, Hafler JP, Wallace C, Stevens 
H, Jackson L, Simmonds MJ; Type 1 



12–16

DIABETES IN AMERICA, 3rd Edition

Diabetes Genetics Consortium, Bingley 
PJ, Gough SC, Todd JA: Genome-wide 
association analysis of autoantibody 
positivity in type 1 diabetes cases. PLoS 
Genet 7:e1002216, 2011

42.	 Tait BD, Harrison LC, Drummond BP, 
Steward V, Varney MD, Honeyman MC: 
HLA antigens and age at diagnosis of 
insulin-dependent diabetes mellitus. Hum 
Immunol 42:116–122, 1995

43.	 Howson JM, Cooper JD, Smyth DJ, Walker 
NM, Stevens H, She JX, Eisenbarth 
GS, Rewers M, Todd JA, Akolkar 
B, Concannon P, Erlich HA, Julier C, 
Morahan G, Nerup J, Nierras C, Pociot 
F, Rich SS; Type 1 Diabetes Genetics 
Consortium: Evidence of gene-gene 
interaction and age at diagnosis effects in 
type 1 diabetes. Diabetes 61:3012–3017, 
2012

44.	 HLA MHC Complex [article online], 2009. 
Available from http://commons.wikimedia.
org/wiki/File:HLA.svg#mediaviewer/
File:HLA.svg. Accessed 27 December 
2015

45.	 Lopez-Requena A, Burrone OR, Cesco-
Gaspere M: Idiotypes as immunogens: 
facing the challenge of inducing strong 
therapeutic immune responses against 
the variable region of immunoglobulins. 
Front Oncol 2:159, 2012

http://commons.wikimedia.org/wiki/File:HLA.svg#mediaviewer/File:HLA.svg
http://commons.wikimedia.org/wiki/File:HLA.svg#mediaviewer/File:HLA.svg
http://commons.wikimedia.org/wiki/File:HLA.svg#mediaviewer/File:HLA.svg

	CHAPTER 12
	Genetics of Type 1 Diabetes
	Summary
	Introduction
	Major Histocompatibility Complex and Type 1 Diabetes Risk
	Non-Major Histocompatibility Complex Risk Loci
	Linkage Mapping
	Genome-Wide Association Scans
	Fine Mapping Within Type 1 Diabetes Susceptibility Loci

	Accounting for the Genetic Risk of Type 1 Diabetes
	From Gene to Function
	Genes and Initiation of Type 1 Diabetes
	Conclusions
	List of Abbreviations
	Duality of Interest
	Acknowledgments/Funding
	References




